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1 ART^34Ai*iMl* 

ENGLISH TRANSLATION OF THE AMENDED SHEETS OF INTERNATIONAL 



EXAMINATION REPORT 



:WO-DIMENSIONAL DETECTOR OF IONIZING RADIATION AND 



PROCESS FOR MANUFACTURING THIS DETECTOR 
DESCRIPTION 

TECHNICAL DOMAIN 

This invention relates to a two-dimensional 
detector of ionizing radiation and a process for 
manufacturing this detector. 

For example, the invention can be used to detect X 
photons, gamma photons, protons, neutrons and muons. 

The invention is particularly applicable to the 
following domains : 

- experiments in detonics, 

- fast non-destructive testing, 

- position of patients in radiotherapy, 

- high-energy physics, 

- neutronography, prot onography , radiography, 
gammagraphy, 

- surgery under radioscopy, and 

- safety in airports 

STATE OF PRIOR ART 

Two-dimensional detectors of ionizing radiation 
made of plates of a heavy metal such as lead or more 
Generally a material capable of interaction with an 
incident ionizing radiation, are already known. 



la 

ENGLISH TRANSLATION OF THE AMENDED SHEETS OF INTERNATIONAL 

EXAMINATION REPORT 

In particular, US S 117 114 A describes a 
radiation detector. In one example, the detector 

oDmprises a sequence of plane and parallel detection 
5 matrices. Each matrix comprises a set of amorphous 
silicon detection cells equipped with addressing 
electrodes and an adjacent layer made of a metallic 
conversion material such as Pb or U. This makes it 
possible to determine the energy and initial position 

10 of an X photon or a gamma photon that arrives at the 
first layer of metallic conversion material, 
perpendicular to this layer. 

US 4 210 805 A describes a radiation detector. In 
one example, eight semiconductor elements 30 are laid 

15 out in the form of a matrix. Two opposite faces on 
each element are covered with conducting layers and the 
other two faces are covered with insulating layers that 
separate them from neigbouring elements. 
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r or exa^pie , 



k ncwn hew to use a me t a . 



aamma 
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usually less than 14 or greater ohan 
n e u t r o n s . 0 :her na o e r i a 1 s such as g a d o 1 
can ais : be used oo detect neutrons . 

The plates are perforated with holes by chemical 
or electrochemical etching and are electrically 
insulated from each other if necessary (when tne 
required thickness of the plates is equal to 100 or 
mc>re micrometers) . 

The holes are filled with an icnizable gas. 

An incident high energy X C'.r gamma photon then 
cenerates at least cne phctoelecc rcr in one c: the 
plates of the detector, by 



he Come ton effect :r by the 



This incident X or camma ohotcn CDiranunicates fast 



V 3*. Lit; 



. t s to cms electron wi tn a Kir.etic e n e 
:rder of m.agnotude of the energy of the incident 
20 photon; this fast electron then ionizes some gas 
molecules czntainei in one of the holes into which the 
electron arrives, and that the electron usually passes 
through . 

The slow secondary electrons that are torn off 
25 these ir.olecules due to ionozation of these molecules, 
are guoded along this hole and collected using an 
electrical bias field, also called an electrical drift 
field, and are then detected, 



or example, in an 



proportional avalanche 



ionization chamoer o: 
chamber . 

This type of two-dimensional detector is described 
in a number of documents including references [1], [2], 
[3], [4] and [5] mentioned at the end of this description. 
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resoiutic 



A detection structure witn noies is c 
this tyoe of structure is known to be very 
o b t -a r n i n g a cccd scat ia. 
efficiency, pre vided that the 
formed and are sufficiently large. 

These holes are formed by chemical etching; 



sen because 
crducive to 



. es ar- 



oe r i e : 



method is preferred 



water 



w n i o : 



■venerates a front shock when the net is cpened, when 
starting to perforate a hole. 
10 This front shock causes scaling of the material in 

which the holes are to be formed, which causes spelling 

u s e . 

3ut chemical etching is a s low and expensive 
:e chn ique . 

15 Furthermore, the efficiency at which secondary 

electrons are collected and therefore the efficiency of 



of this material and makes it unsuitable f 



note 



] 



:e limited because this technique 



: _L — C L . . o 



eated during each gas ionization are collected. 

Chemical etching cannot be used to produce holes 



w r 1 1 n 



su: 



cylindrical walls because it 



renerates narrow points m the holes that deform 



the holes, with the result that the global effici- 



detect 



s limited . 



Tne purpose c: this invention is to overcome these 
disadvantages of high cost and limited efficiency. 

Mere precisely, the purpose of this invention is a 
two-dimensional detector of incident ionizing radiation 



:omoosed 



>s, this detector compris: 
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s:ac,< c 
second 
i c n i z i r 
in that 



sneers 



caoac-e of 



particles by interaction w 1 1 n 
r radiati:n, this detector beirn 



characterized 



15 



it aisc c emprises: 
layers of a semiconducting material that 
alternate with sheets of the first material and 
may be ionized by the second particles, each of 
■ ^ ^ "~ ar associated w i t of h ^ 
s t a c k having first and second 
o o p :■ s 1 1 e races each contain! n g corresponding 
edges of sheets and layers, the detector being 



i a ve r s 



Les lone : 



:o be laid out such that the ionizing 
arrives cn tne first face, the lengtn 



each sheet measured from the first face as 
far as the second face being equal to at least 
one tenth of the free average path c f the first 
particles in the first material, 

groups of parallel and electrically conducting 
cracks e x t e n d i n o from the first to ~~ ^ ^ - — ,h 
face parallel to the layers, eacn 
associated with one of the layers and in contac 
with it, the tracks being designed to eoliee 
charge carriers that are generated in the layer 
by interaction of the layers with the seccn 
particles and possibly with the first par 



n e s e : 
c u p : c e i n g 



— *r o 



an 



that 



representative cf trie 



t irst 



particles m intensity and in position, and 
means of creating an electric field capable of 
causmc collection cf charge carriers through 
the tracks . 



a ccoramc 



t< 



tne 



be 



made at 
ment ion- 



acu 
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Hin.- r- a particular e^fc odiT.ent of the 



caution or trie detector according to t 
may be very much greater than t 
:crresp jndir.q values for hole detectors 
Ac cc rdin 

detector accrrdin: to the invention, tne first material, 
is electrically conducting, the tracks are electrically 
insulated from the sheets and the means of creating the 
electric field comprise means of applying a voltage 
between the tracks and the sheets, this voltage being 
sufficient tc cause the collection of charge 



' 3 v- y- - O i 



rout 



tracks is ful 



.n the layer with whicn it is associated, 
in this case, according tc another particular 



emoc dimen t , 



: i r s t 



m a t e : 



. _4 -* - «. 



■ ^ ~- ^ * 



,n.cr:se means or applying a voltage between tne t: 
.d the sheets, this voltage being sufficient to 
lleotion of charge carriers through the tracks. 
According to another particular embodiment, 



are electrically insulating, an electrically 



n 3 



.aver is 



.nserted k-etw* 



each layer 



s emi c- 



iuccing material and the sheet that is 
associated with it and the means of creating tne 
electric field comprise means of applying a voltage 
oetween the tracks and the electrically conducting 
layers, this voltage beinc ah 1 e to cause collection of 
charge carriers through the tracks. 

The semiconducting material may be crystalline, 
ceramic, vitreous, amorphous or polymer. 

it may be :h:oe n amo n g the g r o u p> i n c 1 u d i n g thin 
of diamond, Idle, ZnTe, CdZnTe, As 3a and 
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,r yst nilirt 



In?, 



SiC, 



, r - ^ ^ t 



;arti:ularly As aaAl : ,?l- : < 
silicon, 

crystals fcr example such as anthracene, 
a n d F P V , amorphous selenium 
(As 2 S : : . 

The detector according to the invention may also- 
comprise an electronic device for reading electrical 



signals output by 



. r a c k s w n e n 



the tracks collect charge 



carriers . 

According to one preferred err.bcdiir.ent of the 
invention, one end c>f each track is curved to extend 
onto an edge of the corresponding layer of 
semiconducting material, this edge being located on the 
second face of the stack, and the device comprises 
electrically conducting pads that are in contact with 
the curved ends of the tracks respectively. 

This invention also relates to a process for 

.: „ 4_v.. ? cetector according to the invention. 

to this process, a layer of 
aterial is firmed on each sheet, this 
:ovided with the group of tracks 



. L- ^ L JL. + . 'w l_ i 



According 
semi c induct in g 
layer being 



associated with it, and the sheets provided with layers 



c f semiconducting material a 
together to obtain a stack i 
semi co n duct in g material alt em: 

According to one 
orocess according to the invention, a first layer of 



tracks are 
which these layers of 
s with the sheets. 

embodiment of the 



•emic on duct in g material is formed on each sheet, 



thickness being less than the thickness of 
layer of semiconducting material , the group 
is formed on this first layer and a second 
semiconducting material that covers these tracks is 
formed cn the first layer, the total thickness of the 



1 n e s a i 
f tracks 
1 aver of 
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first and second layers being equal t 
the sard layer of semi conduct ing material. 

It would also be possible to deposit a half layer 
cf setii jndu:^inc material on the two opposite faces of 
5 two successive sheets, and then form the group cf 
tracks on one of the half layers and assemble the 
sheets thus covered to create a stack in which the 
layers alternate with the sheets. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 



This invent ion will be better understood after 
reading the oessriotion of example embodiments given 
below, for guidance only and m n: way restrictive, 
15 with reference to the attached drawings .on which: 

C?' Figure 1 is a perspective diagrammatic view of a 
oarticular emb o d i me n t c f the detector ace o r d i n g 
tc the invention, 
cr' figure 2 is a diagrammatic cross-sectional view 
20 of the detector in figure 1 along plane P on 

figure I, 

Cr' f figure 3 is a diagrammatic sectional perspective 
view of anotner detector acczrdmg to the 
invention, and 

25 cr fiaure 4 is a diagrammatic and partial 

perspective view of another dete otor according 
to the invention. 

n^^^LEI' d k ^SEN^ A T T ON OF PARTICULAR EMBODIMENTS 

™ o 

A detector of ionizing radiation according to the 
invention is diagrammat ically shown in perspective on 
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a olane P on 
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examc^e nave 



In the example shewn, tne : 
composed of X photons, that may 
energy of 5 Me V . 

The detector in figures 1 and 2 comprises a stark 
2 of sheets 4 of an electrically ronducting material 
that ran emit electrons by interartion with X photons 
in incident ionizing radiation. 

This detector also comprises layers 6 of a 
semiconducting material that alternate with sheets 4 
and can be ionized by the photo-electrons emitted by 
the conducting material when this material interacts 
with X photons and possibly directly by primary X 
photons, although to a lesser extent. 

Each of the layers 6 is associated with one of the 
sheets 4 . 

The stacio o 
fare 3 and a ser 
ether . 

Each face 9 and 10 contains edges 12 of sheets 4 
and edges 14 of layers 6 that alternate with the edges 
12 of sheets 4 . 



sheets 4 and layers 6 has a first 
: face 10 that are :ooosite to earn 



: i a\ 



Lies 1 and 2 is oriented sur: 



radiation to be detected arrives 



The deterto 
that the ionozir _ 
fare 8. 

The length of each sheet 4, starting from face 3 
and as far as face 10, is equal to at least one tenth 
of the average free path of X photons in the conducting 
material from which the sheets 4 are made. 

As can be seen on figures i and 2, an incident X 
ohotcn, with the trajectory as shown as reference 16 on 
fioures 1 and 2, interacts with the ronducting material 
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10 



15 



ore; 



.erqy 



Zo^p:or., phocoelec 



cair creation effect. 



i. j_ -j ^J. cr 

trajectory of a the ten with less energy than the energy 
of the incident X the ton resulting from interaction of 



this chiton with t h < 

_ h e o e t e c t vj i 
arouos of carallei 



iuctmg materia 



u ~ s~ +- A 

. . tr ^ t -± 



igures 



ana 1 also comenses 



ica-ly ocncuctmg 



.rac^s 



that extend from face 8 as far as face 10 parallel to 
layers 6. 

Eaeh group of tracks 22 is associated with one of 
the layers 6 and is in contact with it. 

Tracks 22 are intended to collect charge carriers 
that are generated in layers 6 by interaction between 
these layers and the electrons resulting 
interaction O' f X chitons incident with the c o 
material from w n 1 c n z n e s n e e t s 4 are mane. 

These charge carriers are representative 
intensity and position of incident X photons. 



iure 



s no wn as ret- 



;;:cw5 a c n a r c e carrier w i 



a trajectory 



: 4 a 



nd that results from inte: 



this 



trajectory 11 with a layer , arc 
with trajectory 24 is collected cy 



25 a conducting track 22 associated with this layer b. 

The detector also includes means 26 (figure 1) of 



creating an electric field capable 



causing 



'or ruioan oe 



30 detector in figure; 



in no w a v 



t y~ c *- y~ " 



.ively, thr 



: L o 4 



a no ^ a vers 



and 2 is laid out sucn tnat 
.re h o r i z o- n t a 1 or vertical, b u t 



other orientations are possible depending on the use to 



ce maoe 



;ne o e t e : 
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direc 



L tr.a" is necessary is tr.at t n e sr.eet: 

6 should be approximately paral^e^. t o tr.e 
: r. of ohe ionizing radiation to be cetectec:. 
In the example shown in figures 1 and 2, each 
a r c u c of o o n ducting t r a c k s 22 is contained i n the layer 
6 with whioh this group is associated. 

This avoids one need to use.. electrically 
insulating supports (for example made of plastic or 
oeramic) fir the tracks, these supports being 
lumbersome wnioh reduces the spatial resolution of ohe 
detector, and which in any case are useless fcr the 
detection itself . 

In ohe case shown on these figures 1 and 2, the 



me a n s 2 6 



ne e^eotrio rieic 



1 H 



ire means 



applying a vo 



.ace o 



etween tracks 22 and sheets 4, 



o : llec: 



■i ? 



o ^ a n e 



1 S S ^< 



voltage being ab.e to caas; 
carriers through the tracks 

No oe that the 
through the oondacci: 

(horizontal row on figure 1), the tracks or 
belonging to layers 6 respectively. 

t * particular emb o d i me n t not s h c wn, the ma t e r i a 1 
r. s^ets 4 are made is als: electrically 



no is row 



: r om wn i o: 



oonduotmg but the tracks 22 are no longer container 



layers 6 of semiccndu^ 



mater lai ; 



e a o n 



.s at the interface with the corresponding layer 



of semi con cue 1 1 



no material and the sheet of conducting 



listeria: that is associated with an adiace: 



lave] 



semiconauct mg materia- . 

In this rase, an electrically insulating mat 
is orovided to electrically insulate the tracks 22 fr 



t ne sneets 



; c 1 1 n a ma teria:, 



3 1319 5.3 ?V 




1 1 



15 



Z 3 



30 



^ ^ ^ d r ^ 



: use 
as acc 



i e v zee 



means 



I and 



0 for reading 
2 2 when they 



an e^e:tron:: 
supplied by 
carriers . 

2 clea r 1 v shews that one 



s provided with 
rlectric signals 
collect charge 



e a c n 



track 22 is curved so that it passes along an edge 14 
of the corresponding layer 6, this edge being located 
on the face 10 of the stack of sheets 4 and layers 6 . 

The electronic reading device 3 0 ccrrp rises 
electrically conducting pads 34 that are sh:wn in 



contact with the curved ends 3 



9 ,-, c +- 



track: 



This contact nay be made usm<: 



brazir.a balls 36, 



for example indium bails, or by means of electrically 
c ~ nduccincf wires or even using appropriate means to 
brir.a the curved ends of the tracks into contact wioh 



■elated reaao: 



ce vi 



t ne pa os 

bv pressing or with an electrically conducting glue. 

Note that the pads 34 are laid cut at the same 
pitch as the curved ends 32 of the tracks 22. 

An undepeo semiconducting material can b 
alternatively a cooed semi cc nduc tin z materi 
used, for example an U type material m wnic 
electrons are the majority charge carriers, or a P type 
material in which case holes will be the majority 
carriers . 

can be aociied to the 



* o — , 

m = y ce 
;ase the 



A 



; a o i v e 



ana 



:r.e 



tin 1 : 



( a r. i 



c z n d u c t i n c s n e e t s 
therefore tracks 22) can be grounded, or sheets 4 can 
be grounded and a positive potential can be applied to 
conducting pads 34 anc 



tracks 



3 
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In both cases, 



:he holes generated ir. the layers 



of s em i c o n d u c 1 1 n g m a t e r i a 1 are 
4 of c::nductina material, whereas the electrons 
Generated in these layers 6 are attracted and collecteo 



1 



s i gnai 



by the tracks 22, tnus supplying 
that are read using devise 30. 

Conversely, a positive potential can be applied to 
sheets 4 and pads 34 can be -grounded or sheets 4 can be 

ial 



be app lied t i 
' y the 



in o o l. n o a s e s , t o_ _ l, 
sheets and hcles are attracted and collected by the 
tracks, thus prcvidmg even more electrical signals 
that are read using device 30. 

In each case, the trarks 22 convert the analog 
transported by the X rays that are detected into 



ima ge 



a i i 



electrica- form, 



:iq ure 



ill tracks 



^, . , 1 *. - _ C. ") ~\ ' 7 \ 



mat er i ai 



In tne example snown 

and a negative potential is applied to all sheets 
conducting material 4 by means of a voltage source 3 
In this case, the tracks 22 collect electrons. 
A negative potential (for example 
can be appliec to all sheets 4 of conducting 
using an electrically insulating plate 40 on one fa: 

' ally conducting parallel tracks 42 a: 
eoual to the pitch o: f the sheets 4. 
e 

also formed on this face of the plate 40 and this tra:k 
44 is connected to the negative voltage source 38. 

The face of the elate 4 0 en which the trac<s 42 

-1 _ _ _ „ c o n t a c 



o r w n i c 



All these tracks 42 are connected to a track 44 



the s t a c .< 



*~ ^ ^ e : 



: n e s n e e > 



)ear, this face being a: 



oerent from faces 3 



a^ sc 



and i:, 
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42 



pH-'aq O t" ^ p> r* ^ 27 27 e S O C P. C 

all these sheets 4 can ic 
negative potential. 

Fo-r exaTxle, olate 4 ; 



elate and tracks 4 2 and 4 4 may be made 



w h i c n me a n s t n a t 



Preferably, for reasDi 



: g j 1 d . 
size and readir.a soeed, 



he elecoroni 



reading device 



of the type used in 



Fo r a detector wit h m-: oe s t d: me nsions, t n e rra:xs 
22 of the stack 2 can be directly connected to the 
oixels :f a 212 sensor without a cca:m:. 

F: r a detector with larger dimensions, an 
intermediate connection matrix may te used between 



. rac ks 



of the stack 2 and the reading device, fc<r 



Located on one 



example of the CCD type . 

Tne oonduocinq pads 34 
o h e faces 

t : the curved en d s 12 of t h e tracks 22, and these pais 
20 are electrically connected to- the pixels of a reading 
device, for example of the CCD type, through eieccrioai 
connections chat pass through this matrix. 

The thickness of a detector according to the 
invention, fo-r example like the deoector in figure 1, 
25 measured frcm face 1 as far as face 10, may be of the 
same order of macnitude as the thickness of a holes 
detector cf the type described above, this thickness 
oeing adapted as a function of the required stopping 
power . 

j 0 Note tnat tne material f r 

m a d e ma y b e chemical! y inert 
conductor of electricity (a 
insulating will be ccnsidere 



;ase i 
late: 



h sneets 4 are 
may be a bad 
w hicn it is 
the 
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eiecircche-cally -achi-aiile material that rr.ust be used 
for hole detectors. 

The thicknesses of sheets 4 of conducting material 
(or insulating material as will be seen later) an: 
5 layers 6 of semiconducting material are foxed to 
optimize the spatial resolution of the detector and the 
conversion efficiency (conversion and collect i in or 
charges). Preferably, the smallest possible 

thicknesses will be used, typically of the order :f 11 : 

10 urn tc a few hundreds of micrometers. 

For example, it would be possible tc use sheets A 
of conducting material with a thickness of the crrier of 
200 urn and layers 6 of a semiconducting material with a 
thickness of one crder of 200 pm. 

15 Note that in hole detectors according to prior 

art, the thickness of metal sheets measured 
perpendicular tc the direction of the incident 
radiation, is fixed such that these sheets may be 
chemically etched (thickness of the order of 200 urn). 

20 In this invention, this constraint is 

inapplicable, and the thickness of the sheets 4 of 
material (conducting or insulating) and layers 6 of one 
semiconducting material is defined entirely icy 
application constraints . 

25 Note also that the structure of a detector 

according to the invention can induce spectacular 
improvements to the efficiency (of one order of 50?-} 
with an appropriate thickness of material along the 
direction of the radiation to be detected, and the 

30 spatial resolution that may be of the orcer of 10 0 urn 
by chcosing a pitch that is appropriate for tracks 22. 

The spatial resolution in the direction 
oerpendicuiar to the sheets 4 is determined by the 



• # 
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Ditch between the sheets 4 and between the tracks (that 
may be of the order of 5Z ;om to 200 urn). 

X- r ays are detected preferaoly using heavy metal, 
for example tungsten or lead. 
5 For guidance, and in no way restrict ively, for a 

case rn which X photons with an energy equal to 5 MeV 
are to be detected, a 2 cm thick detector could be used 
(measured from face 3 as far as face 10 in figure 1), 
100 jim thick layers £ made of CiTe or diamond and 400 
10 \im thick sheets 4 made of tungsten with tracks 22 at a 
pitch of 0.5 rrjn. These dimensions could be reduced if 
necessary, since a pitch of 100 mm would be 
oechnol ogi sally feasible . 

We will now describe an example process for 
15 manufacturing the detector shown m figures 1 and 2. 

The sheets 4 of conducting material may be made 
using any process. 

Their surface mus t be sufficiently condu ct ing and 
must not be oxidized. 
20 This surface may be coated, if necessary, cy a 

metallic deposit more suitable for making a resistive 
contact with the semiconducting material, for example a 
layer of gold. 

The following procedure may be used to form the 
25 tracks 22 that may be made of gold or a metal better 
adapted to the semiconductor used, on the layers 6 of 
semiconducting material : 

- a first thickness (for example 50 urn) :f 
semiconducting material is deposited on one of 
30 the faces o-n one of the conducting sheets 4, for 

example by chemical vapor deposition, by 
epitaxy, by pouring in strips, by liquid phase 
deposition or by a sol-gel deposition) , 
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the geld tracks 22, :or example o urn wioe, are 
'ecosited by evap :ra:icn through a ^ask o r b y a 

onto the 



phe t : lithography pr<_ cess , c 

se^.::cnau:t:nG material thus deposited, and 

■ a second thickness of semiconducting materia^, is 
decosited cn the first thickness in order to 
cover the trasks 22 and tc^ obtain the required 
total thickness of semiconducting material ( f o r 
example 1 DO prr.) . 

tne same orocess is usee for each ccnaucting sheet 



4 



As a variant, it would also be possible to deposit 
a half -layer of semiconducting material on eacn 
opposite side of two successive sheets, and then form. 
z y e group of trasks cn one of the half -layers. 

The conducting sheets 4 thus covered are then 

alternation c;f cinducting sheets 4 
semic : n d act i ng material layers 6 and are held in 

s " 



ac Kea 



exerted b v aoorctmate means, r o r e x a mp 1 e a me c n a n i c a i 
devise or an electrically conducting glue. 

The detector according tc- tne invention that is 
diacrammat ically shown m a sectunal perspective view 
on figure 3, is different from than in figure 1 due to 
the fast that the sheets 4 are electrically insulating, 
for example made of plastic in the case shown in figure 
3, for example in order to detect neutrons, and by the 
fact that a thin electrically sonducting layer 46 
(thickness of the order of 5 [am to 13 urn) for example 
made of gold or copper as shown on figure 3, is 
inserted between each sheet 4 of insulating material 



an; 



;he corresponding layer of semi con-: 



. mq materia. 
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In this case, the required electrical potential 
with respect to the tracks 22 can be apcioed to ail 
electrically conducting layers 46 through electrically 
conducting tracks such as the tracks 42 formed on the 
5 insulating plate 40 (Figure 1). 

Figure 4 is a diagrammatic and partial perspective 
view of a variant embc diment of the detect cr in figure 
1 . 

In the detector in figure 4, each layer 6 is a 
10 layer of adjacent wires 6a made of semiconducting 
material, each wire containing a metallic strand 
forming a track 22 along its centerline. 

The wires 6a provided with these tracks 22 can be 
made by extrusion or drawing. 

15 
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